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ELECTRONICALLY BASED CONTROL 
VALVE WITH FEEDBACK TO A BUILDING 

MANAGEMENT SYSTEM (BMS) 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Pursuant to 35 U.S.C. §ll9 (e), this application claims 
priority from US. Provisional Patent Application Ser. No. 
60/824,400, entitled ELECTRONICALLY BASED CON 
TROL VALVE WITH FEEDBACK TOA BUILDING MAN 
AGEMENT SYSTEM (BMS), ?led Sep. 1, 2006. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the ?eld of heat transfer 
and, more particularly, to an electronically based control 
valve With feedback to a building management system 
(BMS). 

BACKGROUND OF THE INVENTION 

A variety of different heat transfer systems use Water or 
other ?uids to transfer heat or thermal energy betWeen one or 
more production units and one or more loads. Such systems 
are often referred to as hydronic systems. 
Many such systems employ variable pumping in Which the 

speed of the pumps or number of active pumps is varied to 
maintain a constant pressure cross some terminal, sometimes 
referred to as the “index circuit.” The logic of choosing this 
circuit is to provide su?icient pressure to all circuits by pro 
viding enough pressure to the circuit With the most demand 
ing needs. The disadvantage to this approach is that the circuit 
With the greatest need does not remain constant. Some cir 
cuits might need more pressure than others, but initially have 
enough pressure as a result of their location Within the net 
Work. As the total ?oW in the distribution system decreases 
and the pressure difference betWeen the risers in various 
locations equaliZes, such circuits Would become the most 
demanding. 

SUMMARY OF THE INVENTION 

According to one embodiment of the invention, a method 
for regulating temperature in a system comprises receiving, at 
a building management system, information concerning a 
degree of opening of a plurality of control valves. Each of the 
plurality of control valves is associated With at least one 
terminal that is in communication With a supply header line of 
a system, is operable to open or close based on the demand at 
the associated terminal, and contains a means for sensing its 
oWn degree of opening and communicating this to some type 
of building or energy management system. A determination is 
made, based on the degree of opening of the plurality of 
control valves, as to Whether changes need to be made to 
production equipment operating parameters of the system 
The changes to the production parameters of the system are 
operable to change at least one parameter of a ?uid being 
supplied to the supply header line of the system. An initiation 
of changes is made if it is determined that the change needs to 
be made. The changes in the production equipment yield a 
difference in the at least one parameter of the ?uid. 

Certain embodiments of the invention may provide numer 
ous technical advantages. For example, certain embodiments 
may alloW the individual terminal to still regulate its return 
Water temperature even if communication to the building 
management system failed. Additionally, certain embodi 
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2 
ments may alloW the building production equipment to be 
operated in an ef?cient manner Without undue cost or com 

plication. Still further, certain embodiments may alloW a sys 
tem to be more robust since the failure of communication With 
a single valve Would only occasionally degrade the e?iciency 
of the system; the remaining valves Would typically provide 
enough information. Yet another advantage of certain 
embodiments may be the ability to use loW cost self-acting 
valves While still giving the central building management 
system all the information and control needed for ef?cient 
system operation. A further advantage of certain embodi 
ments might be the ability to remotely detect a malfunction of 
one of the valves. 

Although speci?c advantages have been enumerated 
above, various embodiments may include all, some, or none 
of the enumerated advantages. Additionally, other technical 
advantages may become readily apparent to one of ordinary 
skill in the art after revieW of the folloWing ?gures and 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of example embodi 
ments of the present invention and its advantages, reference is 
noW made to the folloWing description, taken in conjunction 
With the accompanying draWings, in Which: 

FIG. 1 shoWs an embodiment of a general purpose com 
puter that may be used in connection With one or more pieces 
of softWare and/ or hardWare employed by other embodiments 
of the invention; 

FIG. 2 is an example system in Which embodiments of the 
invention may be utilized; 

FIGS. 3A and 3B graphically depict an operation of sys 
tems, according to embodiments of the invention; 

FIG. 4 is a proportional integral derivative (PID) loop in 
Laplace notation, according to an embodiment of the inven 
tion; and 

FIG. 5 illustrates a method of modifying parameters of a 
system in response to changes in loads at terminal. 

DETAILED DESCRIPTION OF THE INVENTION 

It should be understood at the outset that although example 
embodiments of the present invention are illustrated beloW, 
the present invention may be implemented using any number 
of techniques, Whether currently knoWn or in existence. The 
present invention should in no Way be limited to the example 
embodiments, draWings, and techniques illustrated beloW, 
including the embodiments and implementation illustrated 
and described herein. Additionally, the draWings are not nec 
essarily draWn to scale. 

FIG. 1 shoWs an embodiment of a general purpose com 
puter 110 that may be used in connection With one or more 
pieces of softWare and/or hardWare employed by other 
embodiments of the invention. General purpose computer 
110 may be adapted to execute any of the Well-knoWn OS2, 
UNIX, Mac-OS, Linux, and WindoWs Operating Systems or 
other operating systems. The general purpose computer 110 
in the embodiment of FIG. 1 comprises a processor 112, a 
random access memory (RAM) 114, a read only memory 
(ROM) 16, a mouse 118, a keyboard 20 and input/output 
devices such as a printer 124, disk drives 122, a display 126 
and a communications link 128. In other embodiments, the 
general purpose computer 110 may include more, feWer, or 
other component parts. 
Embodiments of the present invention may include pro 

grams that may be stored in the RAM 114, the ROM 116, disk 
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drives 122, or other suitable memory and may be executed by 
the processor 112. The communications link 128 may be 
connected to a computer netWork or a variety of other com 
municative platforms including, but not limited to, a public or 
private data network; a local area netWork (LAN); a metro 
politan area netWork (MAN); a Wide area netWork (WAN); a 
Wireline or Wireless network; a local, regional, or global 
communication netWork; an optical netWork; radio commu 
nications; a satellite netWork; an enterprise intranet; other 
suitable communication links; or any combination of the 
preceding. Disk drives 122 may include a variety of types of 
storage media such as, for example, ?oppy disk drives, hard 
disk drives, CD ROM drives, DVD ROM drives, magnetic 
tape drives or other suitable storage media. Although this 
embodiment employs a plurality of disk drives 122, a single 
disk drive 22 may be used Without departing from the scope of 
the invention. 

Although FIG. 1 provides one embodiment of a computer 
that may be used With other embodiments of the invention, 
other embodiments of a computer may additionally utiliZe 
computers other than general purpose computers as Well as 
general purpose computers Without conventional operating 
systems. Additionally, embodiments of the invention may 
also employ multiple general purpose computers 110 or other 
computers netWorked together in a computer netWork. Most 
commonly, multiple general purpose computers 110 or other 
computers may be netWorked through the Internet and/ or in a 
client/ server netWork. Embodiments of the invention may 
also be used With a combination of separate computer net 
Works each linked together by a private or a public netWork. 

Several embodiments of the invention may include logic 
contained Within a computer-readable medium. In the 
embodiment of FIG. 1, the logic comprises computer soft 
Ware executable on the general purpose computer 110. The 
medium may include the RAM 114, the ROM 116 or the disk 
drives 122. In other embodiments, the logic may be contained 
Within hardWare con?guration or a combination of softWare 
and hardWare con?gurations. The logic may also be embed 
ded Within any other suitable medium Without departing from 
the scope of the invention. 

FIG. 2 is an example system 200 in Which embodiments of 
the invention may be utiliZed. For purposes of illustration, the 
system 200 Will be described as a hydronic cooling system, 
sometimes knoWn as a “chilled Water” system. While this 
speci?c system Will be described, it should be understood that 
embodiments of the invention may be used in conjunction 
With other systems, including, but not limited to, hot ?uid 
systems. Additionally, although speci?c components Will be 
described With reference to this system, it should be under 
stood that other embodiments may be utiliZed in systems With 
more, feWer, or different components parts. 

The system 200 of FIG. 2 includes production equipment 
210, Which supplies cold ?uid (e.g., including, but not limited 
to, Water) to one or more terminal units 220 using a netWork 
of piping, shoWn in FIG. 2 as the supply header line 220. 
Among other items, the production equipment 210 may 
include chillers 212 and pumps 214. In particular embodi 
ments, the chillers 212 may comprise condensers and evapo 
rators. 

Each terminal unit 220 may include component items such 
as, but not limited to fans and coils. The cold ?uid supplied by 
the supply header line 230 rises in temperature as the cold 
?uid passes through the terminal units 220 due to the heat or 
thermal energy being removed from various “loads.” That is, 
the thermal energy is transferred to the ?uid. These loads can 
include, but are not limited to, air in rooms of buildings or 
various industrial processes. In particular embodiments, the 
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4 
fans associated With terminals may either change in speed or 
turn on and off in response, for example, to the temperature of 
a particular room in a building. 

After pas sing through the terminal unit 220, the ?uid (noW 
including the transferred thermal energy) returns to the net 
Work of piping (shoWn in FIG. 2 as the return header line 240), 
Which returns the ?uid back to the production equipment 210. 

Control valves may be associated With terminal units 220. 
In general, such control valves open and close as a result of 
loads presented at each respective terminal. In the system 200 
of FIG. 2, a temperature regulating valve 250 is used to 
maintain a constant temperature of ?uid returning from the 
terminal units 220 to the return header line 240. An example 
of such a valve is described in Us. patent Ser. No. ll/465, 
650, Which is assigned to the same assignee of the current 
application. The entirety of Us. patent Ser. No. ll/465,650 is 
hereby incorporated by reference. 
As alluded to above, although the system 200 of FIG. 2 is 

generally shoWn as a chilled Water system, it should be under 
stood that embodiments of the invention may be used in 
conjunction With other systems, including, but not limited to, 
hot ?uid systems. In hot ?uid systems, hot ?uid is supplied to 
terminals and the thermal energy in the hot ?uid is transferred 
to the terminals resulting in a reduction in the temperature of 
the hot ?uid. In such systems, heaters may used in lieu of 
chillers. Heat can also be provided to the system by heat 
pumps or other devices. 
The result of an operation of the system 200 in particular 

embodiments may be an extremely loW ?oW of ?uid When 
there is no load on the terminal (such as When the fan speed 
Was sloW or the fan Was off) and an increased ?oW of ?uid 
With an increased load. 
The valves of in particular embodiment may be operable to 

maintain a constant return Water temperature, HoWever, it 
should be understood that other factors such as an external 
control signal or the temperature of air near the terminal could 
be used in deciding the degree of opening of the valve. Each 
valve may be supplied With a means of detecting its degree of 
opening and transmitting this information to a building or 
energy management system. As these valves change position, 
they not only change the ?oW rate to their individual circuit, 
but they cumulatively change the pres sure distribution in the 
system for a building. The speed of the pump that circulates 
cooling ?uid may be controlled to maintain a constant pres 
sure drop across some circuit in the netWork. 
As indicated in the Background, system designers may 

seek the circuit Which has the least excess pressure available 
at design conditions, called the “index circuit”, and maintain 
a constant pressure drop across that circuit. The draWback to 
this is that as the overall circulation in the building reduces, 
the pressure across the circuits becomes more nearly equal. 
The result can be that With constant pressure drop across the 
index circuit, some of the “more favored” circuits actually 
have too little pressure during off-peak conditions. Some 
system designers may seek to maintain a constant pressure 
change across the pump. This can result in the index circuit 
having excessive pressure as the ?oW rate in the overall net 
Work decreases. This approach also leaves the pressure at a 
higher value than needed on all circuits, thereby using more 
than the theoretical minimum pump energy. A common com 
promise is to locate a pressure transmitter in the “middle” of 
the building. HoWever, this results in a reduced version of the 
problems from each of the other approaches. 

The traditional approach of sensing the pressure difference 
betWeen the supply and return headers is further complicated 
When the system has many branches. In such a case the 
designer Would at least be forced to locate a pressure sensor 
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on each branch. Additionally, it is known in the industry that 
for management of fan power in the air side of the system, 
building management systems (BMS) may “poll” various air 
handlers to determine their demand. The fan speed is then set 
so that the mo st demanding air handler has enough pressure. 
This results in a fan speed Which is at the loWest level Which 
can meet the demand. 

With reference to the system 200 of FIG. 2, if a temperature 
regulating valve 250 is 100% open, the system 200 may not be 
supplying appropriate cold ?uid parameters (either tempera 
ture-Wise, volume-Wise, or both) for an appropriate heat (or 
thermal energy) transfer. Accordingly, the operating param 
eters of the production equipment 210 may need to be 
changed, for example, by increasing pump speed or decreas 
ing ?uid temperature. ContrariWise, if the most open tem 
perature regulating valve 250 in the system 200 is 70% open, 
the system 200 may be able to cut back on certain operating 
parameters of the production equipment 210, for example, by 
decreasing pump speed or increasing temperature. When the 
pump speed decreases, the system 200 may decrease the 
pressure difference betWeen the supply and return headers, 
resulting in a greater degree of opening at each valve in order 
to achieve the same ?oW rate. This may have many bene?ts in 
particular embodiments as Will be explained further beloW. 
Accordingly, teachings of certain embodiments of the inven 
tion recogniZe a system and method of obtaining system 
requirements and adjusting the system on an “as needed” 
basis. Teaching of certain embodiments also recogniZe the 
use of a valve that can maintain a constant return ?uid tem 

perature, and can send the position of its stem, in a range from 
0 to 100%, back to the building management system. Further 
details of particular embodiments are provided beloW. 

FIGS. 3A and 3B graphically depict an operation of sys 
tems, according to embodiments of the invention. FIGS. 3A 
and 3B shoW system Which help meet the needs of compo 
nents (e.g., terminals) of the system on an “as needed” basis. 
That is, for example, a particular temperature of supply ?uid 
and/ or a particular volume of supply ?uid may be supplied to 
the system over time on an as needed basis. In particular 
embodiments, this as -needed supply of system parameters for 
the ?uid may increase the overall e?iciency of the system. 

In FIG. 3A, in a system 300A, a building management 
system (BMS) 300 is shoWn as receiving information from a 
plurality of valves 310A, 310B, and 310C. The information 
communicated by the valves 310A, 310B, and 310C may 
include a variety of information, including, but not limited, a 
valve identi?er, a valve-stem position, the degree the valve is 
opened, a siZe of the valve, and a temperature of a ?uid at the 
valve. In particular embodiments, some of the communicated 
information may inform the BMS 306 What is happening at a 
particular terminal. As an illustrative example, the load on a 
particular terminal may have recently drastically increased, 
causing the degree to Which the valve at the terminal is 
opened. Such information may be communicated to the BMS 
306 to alloW the BMS 306 to make appropriate changes. 

Based on the information received from the plurality of 
valves 310A, 310B, and 310C, the BMS 306 may determine 
Whether or not changes need to be made to production equip 
ment 300 to change parameters of ?uid supplied to a supply 
header line. In particular embodiments, the BMS 306 may 
modify pumps 322 to change a ?oW rate of the ?uid being 
supplied to a supply header line. In other embodiments, the 
BMS 306 may modify temperature systems 324 to change a 
temperature of ?uid being supplied to a supply header line. In 
other embodiments, the BMS 306 may modify other systems 
326 to change other parameters of the ?uid. In yet other 
embodiments, the BMS 306 may modify any combination of 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
the three preceding items (pumps 322, temperature systems 
324, or other systems 326) to modify parameters of the ?uid 
supplied to supply header line. Additionally, in particular 
embodiments, certain valves may be associated With certain 
subsystems. In such embodiments, the BMS 306 may only 
change production equipment associated With such sub 
systems. 
To facilitate this determination as to What modi?cation, if 

any, is necessary, the BMS 306 in particular embodiments 
may include a variety of logic encoded in media and compo 
nents that are similar or different than the components of the 
general purpose computer 110 of FIG. 1. The determination 
logic may consider a variety of items, including, but not 
limited items Which effect an overall ef?ciency of the system, 
loads throughout the system, the distances of certain loads 
from the production equipment, siZing and number of valves 
associated With a particular load, the number and capacity of 
pumps, the capacity of chillers (for cooling systems) and/or 
heaters (for heating systems). Other example e?iciency con 
siderations for an embodiment of a cooling system, may 
include, but are not necessarily limited to items discussed 
above and the folloWing: 

1. Chillers operate best if they have a comparatively high 
temperature change, often knoWn as “delta T”; 

2. In order to achieve a good delta T, over-circulation in the 
hydronic system must be prevented; 

3. As the ?oW rate is reduced, the pressure across various 
circuits increases. This can cause di?iculty for control 
valve accuracy since a high pressure causes the valve to 
operate in a nearly closed position. In such a condition, 
small changes to the stem position cause large changes 
to the ?oW rate. This can result in unstable control; 

4. Excess pressure causes noise; 
. Excess pressure Wastes poWer; 

6. The extra poWer used to pump at an excessive pressure 
becomes heat in the hydronic system. In the case of a 
cooling system, this means that the extra heat must be 
removed by the chillers; 

7. Excess pressure causes increased Wear on components 
throughout the system through erosion and fatigue; 

8. Pressure sensors With the reliability to provide the cor 
rect values for a long period of time are too expensive to 
place on every circuit; and 

9. Excess ?uid circulation has little effect on the air tem 
perature either in the room or in the duct, and is therefore 
often not detected. 

For heating systems, similar or different e?iciency consider 
ations may be undertaken. Further details of logic that may be 
utiliZed, according to particular embodiments, are discussed 
beloW. 
The information communicated from the valves to the 

BMS 306 may use any communication medium, including, 
but not limited to, all or a portion of a public sWitched tele 
phone netWork (PSTN); a public or private data netWork; a 
local area netWork (LAN); a metropolitan area netWork 
(MAN); a Wide area netWork (WAN); a global computer 
netWork such as the Internet; a Wireline or Wireless netWork; 
a local, regional, or global communication netWork; a satellite 
netWork; an enterprise intranet; other suitable communica 
tion links; or any combination of the preceding. 

FIG. 3A shoWs each valve 310A, 310B, and 310C commu 
nicating information directly (via Wirelines or Wireless) to the 
BMS 306 While FIG. 3B shoWs a relayed communication. 
That is, in FIG. 3B, valve 310D communicates information to 
valve 310E. Then, valve 310E communicates information for 
both valve 310E and valve 310D to valve 310E. Then, valve 
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310F communicates information for valve 310D, 310E, and 
310F to the BMS 306. In particular embodiments, the valves 
may communicate using a combination of these techniques. 
Further, in particular embodiments, the communication of 
information to the BMS 306 may avail from a building infra 
structure, including use of phone lines, poWer lines, ethernet 
lines, and even the piping itself (signals being modulated 
doWn the piping network). 

The beloW discussion references several example opera 
tions, according to particular embodiments. In certain 
embodiments (e.g., chilled Water systems), the BMS 306 may 
?nd the valve With the most open position, and reduce the 
pump speed until that position Was nearly fully open. In such 
embodiments, a threshold value may be chosen beloW 100% 
open, so that the valve may still have the ability to increase the 
?oW rate in response to demand. This may become necessary 
in certain embodiments because Without this consideration, 
the pump could go to an excessively loW speed. The chosen 
position for the most open valve might be, as an example, 
90%. If the most open valve Were at 95%, the pump Would 
speed up slightly. Similar technique may also be used for hot 
?uid systems. 

In other embodiments, a supply temperature of a ?uid may 
be modi?ed as a result of the positions of the stems. For 
example, With reference to a chilled ?uid system, as the 
demand decreased, the chilled ?uid temperature could be 
changed, for example, from 42 to 45 degrees. This Would 
result in a higher ?oW demand in all circuits, creating a more 
open condition for the valves. By increasing the supply tem 
perature of the chilled ?uid, the ef?ciency of the chillers may 
also be increased. The chilled ?uid supply temperature may 
be controlled in a similar fashion to that described for the 
pump speed above, so that the most open valve Was about 
90% open (or another suitable value). Similar technique may 
also be used for hot ?uid systems. 

In yet other embodiments, the building management sys 
tem may choose to modify both the pump speed and the ?uid 
supply temperature based on the valve openings. For 
instance, With reference again to chilled ?uid systems, the 
pump speed could be reduced until it reached 50%, and then 
the chilled ?uid supply temperature could be reset as the 
demand continued to decrease. 

In particular embodiments, the ?uid supply temperature 
Would not be alloWed to change beyond that required for 
humidity control. In these embodiments, since the return 
temperature is being maintained at something close to the 
desired deW-point temperature, the supply temperature Would 
need to remain beloW that temperature by an amount su?i 
cient to account for all inaccuracies in measurement and 
control. 

In particular embodiments, the system may also account 
for changes in the location of the most demanding circuit 
Which can arise from a variety of factors. For example, a unit 
in the system may have a pressure drop across the circuit 
higher than that for the index circuit. If such a circuit Were 
located nearer to the pump, it might have easily enough pres 
sure at the design condition. HoWever, as the demand loWered 
and the pressure across the various circuits decreased, such a 
circuit Would naturally get less than the designed ?oW rate. 
As another example, in particular embodiments, a circuit 

may be very heavily loaded While the rest of the system is not. 
In such a circumstance, it might be desirable to alloW that 
circuit to ?oW more than its normal design value, as long as 
the ?uid is being effectively used to improve occupant com 
fort. Since the return ?uidtemperature is being used to control 
the position of the valve, it may only demand ?oW Which Will 
increase the heat transfer. A combined heat transfer and ?oW 
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8 
analysis shoWs that maintaining the same return ?uid tem 
perature at various loads may result in about the same percent 
of the theoretical maximum heat transfer. 
The folloWing is a discussion on theoretical maximum heat 

transfer, Which may be utiliZed by some embodiments. If the 
?uid ?oWing inside the coil Were to move in?nitely fast, the 
inside surface of the tube Would be at the supply ?uid tem 
perature. The heat transfer betWeen the ?uid and the air pass 
ing over the outside of the heat exchanger Would then be at its 
highest possible value. This is a theoretical condition, since 
any heat transferred into the ?uid from the surrounding air 
Will raise the temperature of the ?uid. So, this condition can 
only be approached as the ?uid ?oW rate approaches in?nity. 
At more realistic velocities it might, for example, it may be 
possible to achieve 90% of this theoretical maximum heat 
transfer While having a temperature rise of the ?uid of, for 
example, 100 F. For a different air velocity, the ?oW rate to 
achieve 90% of theoretical heat transfer Would be different, 
but the temperature rise in the ?uid associated With that neW 
?uid ?oW Would againbe about 100 F. The only effect the ?uid 
?oW has on the heat transfer is to set the temperature at the 
inside of the tube. 
The folloWing are tWo illustrative set-ups that may be uti 

liZed in particular embodiments: (l) a thermally actuated 
valve With a sensor for the stem position, and (2) a small 
electronic package With a temperature sensor, communica 
tions ability, and the ability to control an actuator on a com 
mon ATC. 

In the ?rst illustrative embodiment, a thermally actuated 
valve is equipped With a sensor to detect the position of a 
valve stem. Since this position is not being used to control the 
?uid ?oW rate, the demand for accuracy might be only about 
1% or so. A device may also be used to send the signal from 
the system back to the BMS. The device may use a variety of 
signals sent on Wired or Wireless communication mediums. 

Particular embodiments may detect a position of a stem 
using frequency based detection. In such an embodiment, a 
small coil of Wire outside the valve might be able to determine 
the position of a ferrite core in a similar fashion to an linear 
variable differential transformer (LVDT) . Alternatively, a pis 
ton may be moved by hydraulic force. The cylinder may be of 
a non-metalic substance and provided With a metallic plate at 
the end of the cylinder opposite the piston. As the piston 
moves outWard, the capacitance betWeen the metallic plate 
and the piston should decrease. This small change might be 
detected by use of a resonant circuit and a microprocessor. 

In other embodiments, stem movement may be detected by 
resistive techniques. The draWback to resistive techniques is 
the presence of rubbing contacts, Which could easily get Worn 
or contaminated. 

In the second illustrative embodiment, a thermistor or other 
suitable electronic sensor may be used to detect the return 
?uid temperature. This temperature could then be sent to a 
microprocessor, Which Would control the position of a control 
valve using an actuator. If the actuator Were one Which goes to 
a position as a function of a control signal, then the micro 
processor could send position feedback to the BMS based on 
the control signal it Was outputting. 

In particular embodiments, a micro-controller may imple 
ment a proportional integral derivative (PID) control system 
for moving the stem to maintain a constant return ?uid tem 
perature. In such a system, the difference betWeen the current 
temperature and the target temperature may be called the 
error signal. The position of the valve may be determined 
based on a Weighted combination of the error signal, its time 
derivative, and its time integral. In some cases, this combina 
tion Would be used to determine the rate at Which the valve 
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opening is being changed. FIG. 4 show a PID loop in Laplace 
notation, according to an embodiment of the invention. 

In particular embodiments, the electronic sensor may 
change the setpoint temperature according to the demand. For 
example, at loW demand the return ?uid temperature might be 
set quite high, for example, at 65° F. At a higher demand the 
return ?uid temperature might be set, for example, at 55° F. 

FIG. 5 illustrates a method 500 of modifying parameters of 
a system in response to changes in loads at terminal, accord 
ing to an embodiment of the invention. The method 500 
commences at a step 510 of receiving information from a 
plurality of valves. For example, in particular embodiments, a 
BMS may receive information including, but not limited to, a 
valve identi?er, a valve-stem position, the degree the valve is 
opened, a siZe of the valve, and a temperature of a ?uid at the 
valve. The receipt of this information may arise as a result of 
a speci?c poll or “ping’ from the BMS to the valves or the 
valves periodically sending information to the BMS. Addi 
tionally, in particular embodiments, the information may be 
communicated directly the BMS. In other embodiments, the 
information may be relayed through other components, 
including other valves. 

After receiving the information from the plurality of valves 
at a step 510, the method may proceed to a step 520 of 
analyZing the received information to determine the currents 
need of components of the system. 

After analyZing the received information to determine the 
current need of components of the system at step 520, the 
method may proceed to a step 530 of determining What pro 
duction system need to be modi?ed in order to meet the needs 
of the components of the system. According to particular 
embodiments, part of the determination may include consid 
ering a variety of thresholds built into the system. For 
example, a return temperature may be maintained at some 
thing close to a desired deW-point temperature. Accordingly, 
the supply temperature may need to remain beloW that tem 
perature by an amount su?icient to account for inaccuracies 
in measurement. 

To facilitate the analysis and determination of steps 520 
and 530, particular embodiments may include a variety of 
logic encoded in media and components that are similar or 
different than the components of the general purpose com 
puter 110 of FIG. 1. In particular embodiments, the logic may 
have a predictive model to consider among other things, envi 
ronmental factors (e.g., a change in temperature outside of a 
building) that can affect changes in the system. Additionally, 
in particular embodiments, the determination logic may con 
sider a variety of items, including, but not an overall e?i 
ciency of the system, loads throughout the system, the dis 
tances of certain loads from the production equipment, siZing 
and number of valves associated With a particular load, the 
number and capacity of pumps, the capacity of chillers (for 
cooling systems) and/or heaters (for heating systems). The 
logic may additionally consider additional items, including, 
but not limited to, other items discussed herein. 

After determining What production components of the sys 
tem need to be modi?ed, the production system may proceed 
to a step 530 of initiating modi?cation of such system com 
ponents at step 540. As brie?y indicated above, the modi? 
cation may include, but is not limited to changing pump 
speeds, changing temperatures of a ?uid (e.g., by modifying 
chiller and/ or heaters), changing other system components, or 
changing a combination of the preceding. 
As one example of changes, the logic may initiate only 

small change to the system if there is only one load in the 
entire system. HoWever, if there are multiple loads, the logic 
may initiate larger changes to the system. 
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10 
After initiating modi?cation at step 540, the method 500 

may determine Whether the steps 510, 520, 530, and 540 need 
to be repeated. If so, the method repeats such steps. If not, the 
method ends. Various iteration of the method 500 may run in 
parallel With other iterations of the method 500. 

While this disclosure has been described in terms of certain 
embodiments and generally associated methods, alterations 
and permutations of the embodiments and methods Will be 
apparent to those skilled in the art. Accordingly, the above 
description of example embodiments does not constrain this 
disclosure. Other changes, substitutions, and alterations are 
also possible Without departing from the spirit and scope of 
this disclosure, as de?ned by the folloWing claims. 
What is claimed is: 
1. A method for regulating temperature in a system, the 

method comprising: 
receiving, at a building management system, information 

concerning stem positions of a plurality of control 
valves, the plurality of control valves each being asso 
ciated With at least one of a plurality of terminals, each of 
the plurality of terminals being in communication With a 
supply header line of a hydronic system, the hydronic 
system comprising production equipment supplying a 
?uid to the header line; 

determining, based on the information concerning stem 
positions of the plurality of control valves, Whether 
changes need to be made to the production equipment of 
the hydronic system, Wherein the changes to the produc 
tion equipment of the hydronic system change at least 
one parameter of the ?uid being supplied to the supply 
header line of the hydronic system; and 

making a change to the production equipment in response 
to determining that changes need to be made, the change 
to the production equipment yielding a difference in the 
at least one parameter of the ?uid, Wherein: 
making a change to the production equipment includes 

at least one of the folloWing: 
changing a temperature of a chiller supplying the ?uid 

to the supply header line of the hydronic system; 
changing a temperature of a heater supplying the ?uid 

to the supply header line of the hydronic system; or 
changing a speed of at least one pump supplying ?uid 

to the supply header line of the hydronic system, 
and 

at least one of the plurality of control valves is positioned 
betWeen at least one of the plurality of terminals and 
a return header line and maintains a substantially con 
stant temperature of ?uid provided to the return 
header line. 

2. The method of claim 1, Wherein determining Whether 
changes need to be made to the production equipment of the 
hydronic system includes a consideration that a temperature 
of the ?uid in the hydronic system should not exceed thresh 
old parameters of a humidity control scheme. 

3. The method of claim 1, Wherein at least some of the 
information received is communicated using a relay tech 
nique. 

4. The method of claim 1, Wherein at least some of the 
information received at the building management system is 
communicated Wirelessly. 

5. A method for regulating temperature in a system, the 
method comprising: 

receiving, at a building management system, information 
concerning a degree of opening of a plurality of control 
valves, the plurality of control valves each being asso 
ciated With at least one of a plurality of terminals, each of 
the plurality of terminals being in communication With a 
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supply header line of a hydronic system, the hydronic 
system comprising production equipment supplying a 
?uid to the header line; 

determining, based on the information concerning the 
degree of opening of the plurality of control valves, 
Whether changes need to be made to the production 
equipment of the hydronic system, Wherein the changes 
to the production equipment of the hydronic system 
change at least one parameter of the ?uid being supplied 
to the supply header line of the hydronic system; and 

making a change to the production equipment in response 
to determining that changes need to be made, Wherein 
making a change to the production equipment yields a 
difference in the at least one parameter of the ?uid. 

6. The method of claim 5, Wherein making a change to the 
production equipment includes initiating a change to a speed 
of at least one pump supplying ?uid to the supply header line 
of the hydronic system. 

7. The method of claim 5, Wherein making a change to the 
production equipment includes one of the folloWing: 

changing a temperature of a chiller supplying the ?uid to 
the supply header line of the hydronic system; or 

changing a temperature of a heater supplying the ?uid to 
the supply header line of the hydronic system. 

8. The method of claim 5, Wherein making a change to the 
production equipment includes: 

changing a temperature of a heater supplying the ?uid to 
the supply header line of the hydronic system, and 

changing a speed of at least one pump supplying ?uidto the 
supply header line of the hydronic system. 

9. The method of claim 5, Wherein 
at least one of the plurality of control valves is positioned 

betWeen at least one of the plurality of terminals and a 
return header line; and 

the at least one of the plurality of control valves is operable 
to maintain a substantially constant temperature of ?uid 
provided to the return header line. 

10. The method of claim 5, Wherein the information con 
cerning the degree of opening of the plurality of control 
valves is a stem position of each of the plurality of control 
valves. 

11. The method of claim 5, Wherein at least some of the 
information received at the building management system is 
communicated Wirelessly. 

12. The method of claim 5, Wherein at least some of the 
information received at the building management system is 
communicated using a relay technique. 

13. The method of claim 5, Wherein determining Whether 
changes need to be made to production equipment of the 
hydronic system includes a consideration that a temperature 
of the ?uid in the hydronic system should not exceed thresh 
old parameters of a humidity control scheme. 

14. A system for regulating temperature, the system com 
prising logic encoded in a computer-readable media such that 
When executed is operable to: 

receive information concerning a degree of opening of a 
plurality of control valves, the plurality of control valves 
each being associated With at least one of a plurality of 
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terminals, each of the plurality of terminals being in 
communication With a supply header line of a hydronic 
system, the hydronic system comprising production 
equipment supplying a ?uid to the header line; 

determine, based on the information concerning the degree 
of opening of the plurality of control valves, Whether 
changes need to be made to the production equipment of 
the hydronic system, Wherein the changes to the produc 
tion equipment of the hydronic system change at least 
one parameter of the ?uid being supplied to the supply 
header line of the hydronic system 

making a change to the production equipment in response 
to determining that changes need to be made, Wherein 
making a change to the production equipment yields a 
difference in the at least one parameter of the ?uid. 

15. The system of claim 14, Wherein making a change to 
the production equipment includes initiating a change to a 
speed of at least one pump supplying ?uid to the supply 
header line of the hydronic system. 

16. The system of claim 14, Wherein making a change to 
the production equipment includes on of the folloWing: 

initiating a change to a temperature of a chiller supplying 
the ?uid to the supply header line of the hydronic sys 
tem; or 

initiating a change to a temperature of a heater supplying 
the ?uid to the supply header line of the hydronic sys 
tem. 

17. The system of claim 14, Wherein making a change to 
the production equipment include: 

initiating a change to one of the folloWing: 
a temperature of one of a chiller supplying the ?uid to the 

supply header line of the hydronic system; or 
a temperature of a heater supplying the ?uid to the sup 

ply header line of the hydronic system; and 
changing a speed of at least one pump supplying ?uidto the 

supply header line of the hydronic system. 
18. The system of claim 14, Wherein 
at least one of the plurality of control valves is positioned 

betWeen at least one of the plurality of terminals and a 
return header line; and 

the at least one of the plurality of control valves is operable 
to maintain a substantially constant temperature of ?uid 
provided to the return header line. 

19. The system of claim 14, Wherein the information con 
cerning the degree of opening of the plurality of control 
valves is a stem position of each of the plurality of control 
valves. 

20. The system of claim 14, Wherein at least some of the 
information received is communicated Wirelessly. 

21. The system of claim 14, Wherein at least some of the 
information received is communicated using a relay tech 
nique. 

22. The system of claim 14, Wherein determining Whether 
changes need to be made to the production equipment of the 
hydronic system includes a consideration that a temperature 
of the ?uid in the hydronic system should not exceed thresh 
old parameters of a humidity control scheme. 

* * * * * 


